The objective of this study is to evaluate whether daily clinic visits for conjunctivitis are associated with the ambient environment in urban and rural areas of Taiwan. The incidences of acute and chronic conjunctivitis (International Classification of Disease 9 Clinical Modification 372.0 and 372.1) in two urban cities and two rural counties and their relative risks (RRs) are associated with air pollutants (nitrogen oxides (NOx), sulfur dioxide, ozone, and particulate matter o10 mm in aerodynamic diameter) and/or weather statuses were assessed from the insurance reimbursement claims of a representative 1 million people from 2000 to 2007. The patients resided in rural counties were approximately eight time more likely to have acute complains and 41.3 time more likely to have chronic complaints than the patients lived in the capital, Taipei. Per 10 1C increment of the daily average temperature increased the risk of acute conjunctivitis and chronic conjunctivitis with RRs of 1.06 (95% confidence interval (CI): 1.03--1.09) and 1.05 (95% CI: 1.04--1.07), respectively. A 10-p.p.b. increase in NOx concentration also increased the risk of acute conjunctivitis (RR ¼ 1.03, 95% CI: 1.02--1.04) and chronic conjunctivitis (RR ¼ 1.06, 95% CI: 1.05--1.06). Residents in rural counties, females, the elderly, and children have higher risk of conjunctivitis. Ambient temperature and NOx concentration can cause greater significant risks on the diseases.
INTRODUCTION
Conjunctivitis is a common disease presented at eye clinics, mostly caused by virus infection, allergic reaction, or atopic effect. 1 Environmental factors are also associated with the incidence of conjunctivitis. 2 Progressive industrialization and increase in number of motor vehicles have resulted in high levels of air pollution. Johnson 2 has declared that, due to constant contact with the ocular surface of the eyes, toxins may access directly these ocular structures and cause conjunctivitis-like syndromes.
Studies have linked respiratory allergic diseases to exposure to air pollution, particularly, in urban areas of developed countries. 3--6 Air pollutants may exacerbate existing respiratory disorders and allergic diseases. 5 Riediker et al. 7 have also found that air pollution may worsen eye irritation among pollen-allergic individuals suffering from allergic inflammation. 7 Both allergens and pollutants can directly initiate mucosal inflammation because of oxidative stress, pro-inflammatory cytokine production, and cyclooxygenase, lipoxygenase, and/or protease activation. 8 Moreover, studies have found that conjunctiva may exhibit symptoms similar to those of allergic conjunctivitis in the absence of allergic response. 9, 10 The common signs and symptoms include redness, itching, and burning sensation due to allergy, dry eyes, or toxicity; sometimes, these signs and symptoms may not appear. Leonardi and Lanier 6 have reported that individuals exposed to high temperatures, low wind speed, and high pollution levels may experience itchy and red eyes without any underlying apparent allergic mechanism and medical history of allergy. 6 They referred to this as ''urban eye allergy'' to highlight the conditions wherein airborne allergens are not typically prevalent.
Although the above-mentioned studies have been useful in demonstrating the association between pollution and eye symptoms, they have been conducted based on specific study subjects. Some of them were limited to the small sample size or localized area data. 11 To evaluate the relationship between conjunctivitis and air pollutants, we analyzed data from Taiwan's universal insurance claims. Our study aims are to investigate the chronological trends of acute and chronic conjunctivitis; to determine whether air pollution increases the risk of the diseases; and to differentiate between cases reported in urban areas and in rural counties. To our knowledge, this is the first study to examine specifically the longitudinal trend of the disease. We also examined the risk differences of acute and chronic conjunctivitis between urban and rural areas.
METHODS AND MATERIALS
Data source monitoring records obtained from the Taiwan Environmental Protection Administration (TEPA). 12--14 Over 96% of 23 million population in Taiwan has been covered in the National Health Insurance (NHI) program since 1996. 15 The Taiwan NHRI has established an electronic reimbursement claims data set with a representative sample of 1 million people, randomly selected from all insured citizens. Information on two urban cities (Taipei and Kaohsiung) and two rural counties (Yunlin and Yilan) for years 2000--2007 were retrieved. Scrambled patient identification numbers are available for linking the NHI electronic database and secure patient privacy. This study is exempted from ethical review. Information consisted of gender, birthdates, and health care received by the insured, date on outpatient visit, inpatient admission and discharge, and medical institutions providing health care services. The diagnoses of diseases were coded according to the ninth revision of the International Classification of Diseases Clinical Modification (ICD-9-CM). For this study, we retrieved data on the newly diagnosed acute conjunctivitis (ICD9 CM 372.0) and chronic conjunctivitis (ICD9 CM 372.1). Medical records for readmission with the same diagnosis within 7 days were exclusive in this study.
CWB provided daily the 24-h weather data (average temperature, relative humidity, rainfall, and wind speed) from 25 real-time weather monitoring stations in Taiwan. 12 This study used daily weather measurements from Taipei, Kaohsiung, Chiayi (most close to Yunlin), and Yilan weather stations from 2000 to 2007 16 ( Figure 1 (Figure 1 ). All the subjects were assumed to be exposed to the same levels of air pollutants measured by monitoring stations.
Statistical analysis
Our data analyses first compared demographic characteristics, weather and air pollution status, and average annual clinic visits per 1,000 persons for acute and chronic conjunctivitis for the four study areas. The annual trends plotted from the daily visits for these complains referred to years 2000--2007.
We used the generalized linear model with Poisson regression 18 to measure associations between daily visits for acute and chronic conjunctivitis and covariates and ambient weather and pollution. The pooled and area-age-specific analyses were expressed as:
where Yi denotes the daily clinic visits for acute or chronic conjunctivitis; X 1 --X 4 are the daily concentrations of PM 10 , SO 2 , NOx, and O 3 ; and X 5 --X 8 are the daily measurements of average temperature, relative humidity, and cumulative rainfall and wind speed. Relative risks (RRs) associated with area, sex, and age (o15, 15--39, 40--64, and 464 years) were also assessed controlling for holidays (including weekends), and calendar months and years in the models. This study evaluated lag effects of air pollutants on lag 0, 1, and 2 days. We further considered the moving averages (lag 0--2 days) of air pollutants as optional covariates. We selected optimized model to evaluate the association between acute/chronic conjunctivitis and ambient environment based on model selection criteria ---deviance divided by the degree of freedom, where if the value is more close to 1 indicates a better model. The RRs of clinic visits for acute and chronic conjunctivitis, and their 95% confidence intervals (CIs), were estimated based on the exponential transformation of the b i estimate. All statistical analyses were performed by SAS version 9.1 (GENMOD procedure for Poisson regression analyses) (SAS Institute, Cary, NC, USA). The level of statistical significance (alpha level) was 0.05.
RESULTS

Interpretation of medical data
For this study, 75,488 patients (139,124 claims) with acute conjunctivitis and 158,878 patients (554,722 claims) with chronic conjunctivitis were identified from the claims data in 2000--2007 (data not shown). Among them, there were 40,171 patients diagnosed with both diseases. Most patients with conjunctivitis received medical service at clinics in their communities (92.8% of acute cases and 85.5% chronic cases). Over 93% of the second eye clinic visits were made 7 days apart, and only 2.03% of visits occurred within 3 days. Readmission rate was 4.47% for acute conjunctivitis, and 1.24% for chronic conjunctivitis within 7 days. Figure 2 shows the overall chronological trends of acute and chronic conjunctivitis in the four study areas. The average daily visits for acute conjunctivitis ranged from 0.002 to 2.60 per 1,000 (mean ¼ 0.28 per 1,000) with a peak in the summer, and from 0.002 to 6.50 per 1,000 (mean ¼ 0.99 per 1,000) for chronic conjunctivitis with two peaks annually. An outbreak of acute conjunctivitis appeared from June to August 2002, resulting in a daily average of 0.32 clinic visits per 1,000. Table 1 shows the population characteristics, weather status, mean air pollution levels, and mean clinic visits for conjunctivitis among the study areas. Compared with the rural counties of Yunlin and Yilan, the urban areas of Taipei and Kaohsiung had residents with higher income and had less elderly population. The concentrations of PM 10 , SO 2 , and O 3 were the highest in Kaohsiung, and the concentration of NOx was the highest in Taipei. The average annual clinic visit rate for acute conjunctivitis was higher in rural areas. Yilan had the highest rate of average clinic visits for chronic conjunctivitis, followed by Kaohsiung. Taipei had the lowest clinic visit rates.
Disease trends
Associated risk factors
Compared with Taipei, the risk of acute infection was almost eight times greater in rural counties (Table 2) ; Kaohsiung also had an RR of 3.08. The risk of chronic conjunctivitis was the highest in Yilan, followed by Kaohsiung, and Yunlin. Children and the older population were at higher risks for both types of conjunctivitis. Females were also more prone to elevated risks. On lag 0 day, the average temperature and concentrations of NOx were most significantly associated with the clinic visits for these two diseases. A 10-p.p.b. increase of O 3 also independently increased the risk of chronic conjunctivitis. There was no significant association between the complains and levels of PM on lag 0 day. Table 3 shows the Poisson model estimated RRs of conjunctivitis associated with age, sex, and ambient environmental status on lag 0 day among four areas. Young and older residents were at higher risk compared with those aged 15--39 years. The risk associated with temperature was the highest in Kaohsiung and the lowest in Taipei. The risk of conjunctivitis was significantly associated with the increment of NOx and O 3 in urban areas. Residents in Yilan were also positively associated with NOx levels. Figure 3 shows age-specific RRs of acute and chronic conjunctivitis associated with 10 p.p.b. NOx increment on lag 0 day by area. The association was significant for chronic conjunctivitis in all age groups in urban areas only (Taipei and Kaohsiung). In addition to NOx, this study also found that chronic conjunctivitis was approximate significantly associated with O 3 on lag 1 and 2 days, RR was approximate 1.01/10 p.p.b. increment in pooled four area analysis (data not shown). However, the RR of O 3 would be 1.04 (95% CI: 1.02--1.05) per 10 p.p.b. increment in Kaohsiung on lag 1 day. On the other hand, the effects of PM 10 were greater on acute conjunctivitis; RR was approximate 1.01/ 10 mg/m 3 increment in the pooled four area analysis, and with RR of 1.03 (95% CI: 1.02--1.04) per 10 p.p.b. increment in Kaohsiung on lag 1 day.
DISCUSSION
The relationship between air pollution and respiratory symptoms has been well documented. 19--21 As the eyes are always exposed to the living environment, it is logical to relate the symptoms of conjunctivitis to the effect of air pollutants. 22 To the best of our knowledge, this is the first study to use a nationwide insured cohort to evaluate the chronological trends of the ocular symptoms and its relationship with ambient environmental factors.
Compared with acute conjunctivitis, chronic conjunctivitis has two peaks annually as shown in Figure 2 . The number of patients with these two types of complaint is higher in warm months. Two peaks for chronic complaints reflect the seasonality in etiology and the variation of environment. The associated environmental factors are likely different between urban cities and rural counties. Results of Poisson regression analysis showed a much greater risk of conjunctivitis in the rural counties than in the cities. However, the air pollution-associated conjunctivitis risk was higher for the two cities. Therefore, other etiological factors should be considered for the rural counties, such as personal hygiene. It is possible that conjunctivitis among residents in Yunlin and Yilan were dominant biologically and etiologically. As the rural population are more prevalent with the elderly and farmers, the incidence of conjunctivitis might be resulted from chronic blepharitis and contamination during farming or gardening such as pollens associated with agricultural crops and other plants. These results imply the accurateness of the hygiene hypothesis, which proposed the reverse association between biological infection and individual allergic sensitization. It is to say that higher risks of conjunctivitis in rural areas, but higher sensitization to air pollutants in urban cities. Hygiene hypothesis may also explain children and females are at higher risk of conjunctivitis. 23 Children are more likely to expose to dirt and women are more likely to manage chores at home and farm.
Among the air pollutants, NOx has the strongest association with conjunctivitis symptoms, both for acute and chronic, followed by O 3 . To our surprise, SO 2 appears to be protective in our pooled analysis for all areas. However, data analysis by area shows that this association disappears from not only the rural county but also from the urban city. This weak protective association might be a secondary association related with an undetected factor. To the best of our knowledge, rare study has reported the association between ambient SO 2 exposure and conjunctivitis. 10 This protective association needs a further study. Automobile exhaust is the main source of outdoor NOx. 4 A study conducted in São Paulo, Brazil, found a clear dose--response relationship between NO 2 levels and goblet cell hyperplasia frequency, suggesting that this morphological change is an adaptive response of the conjunctival epithelium to chronic environmental injury, Novaes et al. 24 and Brunekreef et al. 25 analyzed the data of the International Study of Asthma and Allergies in Childhood to evaluate the self-reported truck traffic frequency on the street of residence and symptoms of asthma and allergic diseases. They found a significant association between truck traffic frequency and rhino-conjunctivitis in most countries worldwide. 25 This association remains after controlling for the exposure measurement error. An 1 mg/m 3 increase in NO 2 is associated with the prevalence ratio of 6.60 (95% CI: 1.33--32.77) for the reported conjunctivitis. 26 In this study, Taipei has the highest NOx levels yet the lowest RRs. Urban residents in Taipei are likely to have better personal hygiene. The association between conjunctivitis and air pollution may be weaker than that and hygiene.
O 3 is an important factor in the ''summer smog'' generated at the ground level by photochemical reactions that involve ultraviolet radiations in the atmospheric mixture of NOx and hydrocarbons derived from vehicle emissions. Atmospheric levels of O 3 and NOx have been linked to asthma and airway inflammation diseases. 27--29 Conjunctival tissue is similar to the airway mucosal tissue, which is sensitive to these pollutants. Conjunctivitis symptoms linked to exposure to these pollutants include itching, burning, and reddish eyes from exposure. Air pollutants can interact with aeroallergens in the atmosphere and induce inflammation, resulting in increases in epithelial permeability. Some pollutants bypass the mucosal barrier, leading to allergen-induced responses. 9, 30, 31 Air pollutants may exacerbate allergic symptoms of the respiratory tract, nose, and eyes during the pollen season. Riediker et al. 7 followed up 15 pollen-allergic individuals throughout the pollen season using daily records of eye and nose symptoms and medications. Their observations demonstrated a strong association between allergic rhinoconjunctivitis symptoms and pollutant levels. 7 Bourcier et al. 10 analyzed the data on ophthalmological emergency examinations in Paris in 1999 and found that 22% of approximate 30,000 emergency admissions were related to cases on conjunctivitis. 10 They observed a clear link between the severity of symptom and the levels of NOx, O 3 , and SO 2 present in the environment. The level of air pollution is directly linked to short-term increases in the number of conjunctivitis cases. Similarly, Versura et al. (1999) followed a group of 100 patients with ''discomfort eye syndrome'' (DES) for a long period. 32 They concluded that signs and symptoms of DES are significantly associated with ocular surface sub-clinical cytological inflammation because of atmospheric pollution.
Changes in lacrimal pH, such as those produced by acidification of tears in an atmosphere with high oxidant power (NO, NO 2 , and SO 2 ), may also cause irritation on the ocular surface. A reduced lipid layer of the tear film has been implicated in pollution-related keratoconjunctivitis, resulting in reduced tear break-up time, increased vital staining, and increased cells in the conjunctival fluid. 22 The strength of this study is the use of a large database on NHI claims, which allowed us to observe the relationship between air pollution and conjunctivitis. Hence, the trends of conjunctivitis were objectively analyzed. Our results are also compatible with previous investigations on the association of conjunctivitis with air pollution.
However, some limitations were presented in our study. First, the information on actual clinical examinations is unavailable in the claims data. Biological factors other than ambient air quality that can cause conjunctivitis also remain unclear. Second, the definitions of chronic and acute conjunctivitis according to the ICD-9-CM may not be precise enough to reflect the real etiology of the diseases. In addition, this study used the second hand data to evaluate the exposure, disease association, which was under the assumption of the studied subjects are exposed to the same level of air pollutants monitored in their residence area. It is possible to underestimate the risk. 33 In conclusion, this study identified the democratic factors, residence area, age, and sex, which are significantly associated with daily clinic visits for acute and chronic conjunctivitis. Furthermore, both NOx concentration and temperature appear to have significant effects on the ocular surface of the eyes, causing ocular irritation and conjunctivitis. ABBREVIATIONS 95% CI, 95% confidence interval; NOx, nitrogen oxides; PM 10 , particulate matter o10 mm in aerodynamic diameter; RR, relative risk
